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(54) Title: MEMBRANE CATALYST LAYER FOR FUEL CELLS 



(57) Abstract 

A gas reaction fuel cell (10) incorporates a thin catalyst layer (22) between 
a solid polymer electrolyte (SPE) membrane (26) and a porous electrode backing 
(18). The catalyst layer is preferably less than about 10 \im in thickness with a 
carbon supported platinum catalyst loading less than about 0.35 mgPt/cm^. The 
layer (22) is formed as an ink that is spread and cured on a film release 
blank. The cured film is then transferred to the SPE membrane (26) and hot 
pressed into the surface to form a catalyst layer (22) having a controlled 
thickness and catalyst distribution. Alternatively, the catalyst layer (22) is 
formed by applying an Na+ form of a perfluorosulfonate ionomer directly to 
the membrane (26), drying the film at a high temperature, and then convert- 
ing the film back to the protonated form of the ionomer. The layer (22) has 
adequate gas permeability so that cell performance is not affected and has a 
density and particle distribution effective to optimize proton access to the ca- 
talyst and electronic continuity for electron flow from the half-cell reaction 
occurring at the catalyst. 
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MEMBRANE CATALYST LAYER FOR FUEL CELLS 
pTi;^.^TED CASES 

This application is a continuation-in-part of U.S. 
Patent application S.N. 07/656,329, filed February 19, 
1991. 

05 p^rVGROUND "F TMVKMTION 

This invention relates to fuel cells and, more 
particularly, to catalyst loadings for solid polymer 
electrolyte fuel cells. This invention is the result of a 
contract with the Department of Energy (Contract No. 

10 W-7405-ENG-36) . 

Fuel cells are energy conversion devices presently 
being considered as one alternative to internal combustion 
engines. One type of fuel cell uses a solid polymer 
electrolyte (SPE) membrane, or proton exchange membrane, to 

15 provide ion exchange between the cathode and anode 
electrodes. Gaseous fuels may be used within the fuel 
cell, particularly hydrogen (Hj) and oxygen (Oj) , where 
the electrodes are formed of porous conductive materials, 
e.g., woven graphite, to enable the fuel to disperse over 

20 the face of the SPE. 

SPE fuel cells offer many advantages over liquid 
electrolyte fuel cells, including greater ultimate power 
densities, lower operating temperatures, and longer 
operating lifetimes. SPE materials are also generally 

25 resistant to corrosion and easy to incorporate into fuel 
cell structures. However, the anode and cathode half-cell 
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reactions, K, and O, reactions, respectively , require 
catalysts to proceed at useful rates. As described m U.S. 
patent 4,876,115, issued October 24, 1989, and incorporated 
herein by reference, catalyst materials were first 
incorporated by hot pressing • the materials directly into 
the surface of the SPE membrane. Useful current densities 
in conventional SPE fuel cells were achieved only with high 
catalyst loadings, e.g., 4 mg Pt/cm^. Since the catalyst 
materials are from the platinum group, with platinum being 
the preferred catalyst, these SPE fuel cells (herein 
referred to as GE/HS-UTC-type fuel cells) have not been 
cost competitive with other energy sources. 

The '115 patent is directed to reducing the required 
platinum loading where the platinum is provided as platinum 
loaded carbon particles on a carbon cloth or carbon paper 
electrode substrate bound together by a hydrophobic 
component, such as polytetrafluorethylene (PTFE) . The 
catalyzed sides of the carbon electrodes are impregnated to 
a depth of about 10 with a solubilized form of the 

20 SPE to increase the access of the electrolyte to the 
platinum within the Pt-C/teflon catalyst layer, indeed, 
catalyst loadings do^ to 0.35 mg/cm2 ^f SPE area are 
reported to provide performance equivalent to conventional 
fuel cell catalyst loadings of 4 mg/cm . 
25 The platinum catalyst is, however, not efficiently 

utilized in the prior art structures. It is difficult to 
match the impregnation depth of the SPE with the erratic 
thickness Of a typical catalyst layer. This results in 
areas that are not fully impregnated and other areas where 
30 the SPE material extends deeper into the electrode than the 
catalyst layer and impedes gas diffusion through the 
electrode. Further, the hydrophobic binder blocks proton 
and oxygen access to catalyst sites in cathode electrodes. 
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Another problem with prior art fuel cells is 
differential swelling between the SPE and the catalyst 
layer arising from the differing hydration characteristics 
between the hydrophilic SPE membrane and the carbon-based 
05 electrode structure. Delamination can occur between the 
SPE membrane and the electrode with a resulting 
discontinuity in the ion path and decreased cell longevity. 

Hhese problems are addressed by the present invention 
and a catalyst layer is provided adjacent a fuel cell SPE 
10 that is hydrophilic, contains substantially no cavities, is 
uniformly thin, and contains a uniform ratio of binder 
ionomer to supported catalyst. 

Accordingly, it is an object of the present invention 
to provide a SPE fuel cell with relatively low supported 
15 catalyst loadings with no reduction in performance. 

It is another object of the present invention to 
provide uniform continuity of electronic and ionic paths 
about all of the catalyst sites. 

Still another object of the present invention is to 
20 provide a uniform dispersion of the supported catalyst 
layer in the binder layer. 

one other object of the present invention is to improve 
the bonding between the SPE membrane and the catalyst 
layer. 

25 Yet another object of the present invention is to 

provide a thin catalyst layer for adequate oxygen transport 
to all the catalyst sites through the ionomer binder 
material . 

Additional objects, advantages and novel features of 
30 the invention will be set forth in part in the description 
which follows, and in part will become apparent to those 
skilled in the art upon examination of the following or may 
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be learned by practice of the invention. The objects and 
advantages of the invention may be realized and attained by 
means of the instrumentalities and combinations 
particularly pointed out in the appended claims. 

05 {STTMMARY OF T"'^ TWVENTIOK 

To achieve the foregoing and other objects, and in 
accordance with the purposes of the present invention, as 
embodied and broadly described herein, the apparatus of 
this invention may comprise a gas reaction fuel cell having 

10 a solid polymer electrolyte for separating anodic and 
cathodic electrodes, wherein the improvement comprises a 
film of a proton conducting material with a thickness less 
than about 10 ^m and having a supported platinum 
catalyst uniformly dispersed therein with a platinum 

15 loading less than about 0.35 gm/cm^, where said film is 
disposed between the solid polymer electrolyte and at least 
the cathodic electrode. A preferred film thiOcness is less 
than 5 fiJBi. 

In another characterization of the present invention, a 
20 SPE fuel cell using hydrogen and oxygen is formed with a 
catalyst layer fabricated as a separate unit. A selected 
loading of supported Pt catalyst is uniformly dispersed in 
an ionomer that is effective for oxygen permeation and for 
ion transport, where the resulting mixture is formed as a 
25 thin film. The thin film is then transferred to the 
surface of a SPE membrane. The fuel cell is completed by 
urging a porous electrode structure against the catalyst 
film for oxygen transport through the ionomer to the 
catalyst sites. 
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in yet another characterization of the present 
^.«n a SPE fuel cell using hydrogen and oxygen is 
xnventxon, a SPE f p^.^ ^^orosulfonate iono.er 

TrLrZZ aVtllys: layer. . supported Pt catalyst and 
a solvent are uniformly blended with the or. o the 

iono.er to for. an inK. The inK is applied to for. a layer 
over a surface of the SPE membrane, also in the Na 
7aZ The layer is then dried at a temperature of at least 
ZTo'c f" a 'time effective to dry the i„K. The result ng 
f iL and membrane are converted bac. to the protonated form 
If the ionomer to form a pliant, elastic, and coherent 
catalytic layer on the SPE membrane. 

ppyp F pT^firRTPT T"M THE nRAWIKgg. 
The accompanying drawings, which ^-^l"!""" ^" 

" ana tor. a part of the specification, 

e^i^ent of the present invention and, together w.th the 
description, serve to explain the prxncxples of 
invention. In the drawings: 
,„ "iGUHE 1 is a cross section of a fuel cell hav.ng a 

structure in accordance with one e^odi»e„t of the present 

MC^^ 1. a pictorial illustration showing a 

magnified view of the catalyst layer according to the 
9c present invention. 

" FIGURE 2 graphically depicts the perforBanee of a thin 

catalyst fil. with 0.20 -g/c-.^ and a thicKer catalyst 
filB With 0.35 mg/cm^' of platinu. on a first SPE. 

FIGURE 3 graphically compares performance of thxn 

3„ catalyst films with 0.15 and 0.22 mgPt/cm^ on a second 

SPE. 
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FIGURE 4 graphically compares the perfonnance of a thin 
fU.™=de according to the present Invention w th 0. 5 
l;^/c:^ an. a commercial ,a.-aiffueion cathode «xth 0.3. 

S graphically depicts the performance of a fuel 
" cell ^ a Lgh-temperature formed, thin film catalyst 
•vH n 17 cm Pt/coVelectrode on Membrane "C . 
^""l^ ; V^^calli depicts the Pe-^mance ^ ^ Juel 
cell with a high temperature formed, thin fUm catalyst 
0 13 mg Pt/c»Vele=trode on a Dow membrane. 
" '"'^^XO^ ; grap^c^lly compares the specific activity 
from " fuel cell according to the present invention and 
prior art fuel cells. 

I„ accordance with the present Invention, ajas 
r fuel cell includes a catalyst layer adjacent the 
reaction \ electrolyte membrane to 

^TT "nnLl Of th! «t.lyst and to minimize th. 
optimlM utilization Figures 1 and 



15 



optimize catalyst. A, shown In Figures l and 

t! v^ ayir 21 addresses three criteria necessary 
T' T catalist t^ efficiently contribute to the 
::ctr:chrcar:roce.ses m a fuel cell: proton access to 
,-he catalyst, gas access, and electronic continuity. 

^f:" Ten assembly X, utilizes a gas fuel source 

source 14, solid polymer electrolyte (SPE) 
« ^as oxidi er source ^^^^ ^^^^^^^ ^^^^^^^^ ^ 

membrane ^J^""^^^^ „a at least catalyst 

r Irdtrto the present Mention, between tbe 
layer ^, cathode backing IS- It will 

3„ rtL::::: thi: Tat^yst .yer a. may be disposed 

^° >,^;,ne 26 and anode backing structure 16. The 

between laembrane IS. 
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foregoing discussion applies also to "^-^^^^ 

!"hough catalyst loadings for the anode .ay be only about 

: e-ha!f tbe catalyst loadings retired for tbe cat oae 

o laver 22. is formed as a film ot an 

structure. Catalyst layer ^ j.» . 

rton conductive iono-er ^ an. a suppcrtea Plat.n«» ^ 
catalyst 2A u„ifon.ly dispersed in xononer 25 *° -=-^ 
that a uniform and controlled depth of the catalyst is 
I'LLed. Xhe resulting «1. is a dense ni. of .ono.e 
28 and supported catalyst 2±. i-c, there are no 
Istirtial "ids in the fil» and there "O^^--- - 
additives, such as PTFE, that block access of the diffusing 
and protons to the Pt catalyst sites. Gas access to 
the Pt catalyst sites is ohtained through porous cathode 
backing structure IS. and by diffusion through lonomer al- 
Tsuitable ionoMer, such as a perfluorosulfonate ionoBer 
has sufficient oxygen permeability that a diffusion pathway 
length of 5-10 doe. not introduce any "5--'-"* 

oxy,«. transport losses through the filn for an -"^^^ 

proton penetration and gas diffusion effects of 

electrolyte layer H as the relationship between 

volu.. Traction of ioncer J£ and potential drop w thin 
catalyst layer 2i, indicate that an optimu. 
„ is very thin, i.e., less than 10 .m, and has a high 
"lu.e density of supported catalyst il with the i--" 

in the interstices, i-- ^"""i" 
contact with adjacent particles to form a low 



25 are in wunuoww - ^ 

resistance electronic path through catalyst layer 22 
weight ratio of about 1 = 3 perfluorosulfonate lono-er 
Id^,/Pt-C is preferred for 20 wt% supported Pt. A dense 
tnJZ. is formed that is substantially free of cavities or 
IZr "ockets that will lower the ionic and electronic 
conductivities. It will be appreciated that the thickness 
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. 22 Is optlmzed When the thickness is equal to the 

of fUB 22 IS opt .^^,1 reaction at any given 

active region J*^ ^ ^^^^^^^ ^he basis o£ the 
current density " ^^^^ ^ ^tch the catalyst 

expected operating ,„„nt density. 

„ thiclmes. with a P"det.r.in«d "P*"^^"' = „ 

in one enbodi»ent, fil. ^J' [ . solubill«d 

.reparation inciudin, the ^'^J^^^^^^^ ,_,„.3hie 
iono«er, and on. . viscosity suitable for 

suspension materials to pro ^^^^ ^ ^^^^^^ ^„ 

'° r crTor iayerto provide a P--—— 
o£ catalyst. A preferred protocol is as follows. 

PROTOCOL I 

, cosine a solubilized perflucrosulfonate lono^r, 
. , ^o«istered trademark of E.I. duPont 
such as Kaficn ^^--X 3olution Technology. Inc. , 
Hemours) in 5% sol platinum on carbon £ro» 

Z.:i:rr^TT:or:...Js. Massachusetts, in a 

-^l:: r-gi^'i^nrweight ratios of about 

- -.0 - --"-r-^^^^^^^^ „.rasound to uniformly 
3. Agxrai^e ^«^.;,ivst in the ink and to form the 

=r tr. rtSu for coatmg the re^as. 

.r :.rt::ror mier ::r: - 

Pal'nt " bl r^ith a layer of InK and bake in an 
:r It i::"= until dry. Add layers u..tll the desired 
30 catalyst loading is achieved. 
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5. Fon. an assembly o£ . poXy-er -l-'-l^^ 
,e»bra„e, counter electrode (a.ode electrode, and the 
coated blanlc. Place the aese„a,ly into a conventional hot 
press and Xl,htly load the press until the press ""^s to a 
05 selected temperature (i.e.. 125=c for Hafxon and 145 C 
tor "C" SPE material) and then press at 70-90 at- for 90 

"°T'' cool the asse-^ly and then peel the release blanX 
fro. 'the film, leaving the film adhered to the SPE »eBbr.ne 
cathode surface. 



10 



20 



7. An uncataly«d porous electrode (Prototech) is 
urged against the films during fuel cell assembly to form a 
gas diffusion backing for the thin film catalyst layer. 

It should be recognized that the solubilized Hafion 
,5 acts to some extent as a surfactant and dispersing agent 
tor the supported catalyst particles. However, the 
dispersion of the Naflon must be controlled to provide a 
suitably dense film. An effective density for the present 
invention is obtained by simply mixing the Pt-C particles 
and solubllized Nation together before the water and 
alycerol mixture is added. 

one advantage of the dense catalyst layer herexn 
described is improved bonding of the catalyst layer to the 
SPE membrane and continuity of the proton path. The 
25 dimensions of the SPE membrane increase consxderably upon 
hydration of the hydrophilic material, whereas the 
relatively rigid carbon matrix of -nventxon 1 
gas-diffusion electrode structures does not significantly 
change dimensions upon hydration. Thus, where the catalyst 
,n is included within the carbon electrode structure the 
30 IS inciua surface and the catalyst 

continuity between the SPE surface an ..^^^ 
interface can be adversely affected. The dense catalyst 
layer according to the , esent invention includes a 
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hydrophlUc material as a large fraction o£ the catalyst 
layer and there is less differential «ove»ent fro» surface 

-^^r-^i^rn^r^-or-in, the catalyst layer without 
OS a hinder material, such as mB, i. that -^t,^^^ 

^terials, such as Hafion, »ust provide '^^TZ^ 
Integrity for the layer. Hafion, for example, is not nelt 
^^sL. and the resulting recast catalyst layer nl^ 
I not have Vr ^ n .Id 
" — ^:«"=ty i^roved hy heating 

^ fil„ to elevated temperatures for moderate amounts of 
t^e. This does cause so.e amount of acid-cataly«d 
dt:=oloration and degradation. hut -™ ^ ^ 

„ structural integrity is beneficial. The film - also 
' revered somewhat less hydrophilic hy the heating, whxch is 
benettSal at the cathode electrode where water flooding is 
T °nL.. A suitable treatment is thirty minutes 

exposure at 130-135''c. ,„t.„ltv of 

Another approach to improve the structural i-^grity of 
catalyst layer ^m is to introduce a binder material 



S t r y :rs:s throughout the electrode structure 

i^arts structural integrity at low volume fractions 
such that performance of the electrode is not 
impaired. Useful catalyst layers have been prepared using 
" Z7iZl alcohol <PVA, in place of the glycerol in forming 
TrZ. The surfactant nature of the PVA provides for 
dispersion among the supported catalyst particles 
Z L -lecular structure acts to bind the carbon 
oarticles and Kafion agglomerates so that strong films are 
with low weight fractions of PVA Films have been 
formed with PVA concentrations of 10-12 wt» m the ink. 
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in another embodiment of the present invention, the 
integrity of catalyst layers 22, 2fi is i-P-°-^^^^ 
acid-catalyzed degradation of the ionomer is avoided by 
using the Na+ form of the perfluorosulfonate ionomer, 

05 i.e., Nafion, to form a film for application to membrane 21 
or for direct application to membrane 21, where membrane 21 
is in a Na+ or form. The Na+ perfluorosulfonate 

layer is cured at a temperature of at least 150°C, and 
preferably at least 16oOc, and the catalyzed ^membrane 

10 assembly is thereafter converted to the H , i.e., 
protonated, form to complete the catalyzed membrane 
assembly. A preferred protocol is as follows: 

PROTOCOL II 

1. Prepare a mixture of Nafion and catalyst as 
described in Step 1 of Protocol I. 

2. Add a molar amount of NaOH equal to the Nafion and 
mix well to convert the Nafion to the Na+ form. 

3 Form an ink as in steps 2 and 3 of Protocol I. 

4 Provide a membrane of Na+ Nafion by soaking a 
protonated membrane in a solution of NaOH, followed by 
rinsing and drying, or by procuring the membrane in a Na 

or form. ^4.^^ 

5 Apply the ink directly to one side of the 
membrane. The amount of catalyst applied to the membrane 
is determined from the amount of ink transferred to the 
surface. Typically, two coats are required to obtain the 
desired catalyst loading. In one method of drying the ink, 
the ink-coated membrane is placed on a vacuum table having 
a fine sintered stainless steel filter on top of a heated 
vacuum manifold plate. A silicone blanket having a cut-out 
area the size of the membrane area to be inked is placed 

the membrane to seal the uncovered areas of the vacuum 



20 



25 



30 



over 
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The vacuum table is operated at 
table about '^'"^'j^^^^^lo^, preferably abcut 

a rP«"""/^,^'\;";;ued. The vacuu, appears to 
"I- TLiTot l^e »Lbra„. fro. solvents In the InX 
prevent *tT""^J^*'''„,,,„ The high-te.perature 

B and to yield a smooth, u„ ^^^^^ 

The second side of the .e:.bran. »iy be coated in the = 

""T" optionally, the asse.O=ly is hot pressed at 70-,0 

4- ifts^^c for about 90 seconds. 

r The assembly is converted hac. to the protonated 

. ™ bv Ughtly boiling it in 0.1« H,so, and rinsing in 
r • L iltii The assembly is air dried and combined 
deionized water. - ^ 

15 with an uncatalyzed porous electrode as xn Step 

protocol I. .^^ ^g^^p^ ,,3^ ^bove) 

... ^::::re^^:^^^^^ id in P.otocol X to .or. a separate 
catalyst filB for application to the -Bbrane^ 

The high-temperature casting of Na Hafxon £ 
20 The nig . generally suggested in 

improve f 11. J solution-cast 

Ter^Lrl—e Xonomer PiLs and Me-ranes,« S^^^^^ 
PP 2569-2570 (1986), incorporated herein by 
Chem., pp. 2 ^^^^ solvents such as 

r:::r*sulfox de ro:;:o mig" yield equivalent properties 
g^^cero^rolvents, described above, but at lower process 
to glycerol protocol appears to yield 

temperatures J^ J^^^^ J,, ,,,, OMSO and glycerol 

equivalent eel perfo ^ ^^^^ ^^^^^^^^^^ ^^^^^^ 

30 solvents. DMSO do P solution for a 

the solids, however, and may torm ^ 
spray application of ink to the membrane surface. 
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Figures 2-7 graphically depict the performance of fuel 
cells prepared according to the present invention. All of 
the ink formulations were prepared using supported 
catalysts of 19.8 wt% platinum on XC-72 carbon powder 
(Prototech) mixed with Nafion. The cathode electrodes for 
mating with the catalyst layer were conventional PTFE 
bonded electrodes with no catalyst (Prototech) . The fuel 
cells whose performance is shown in Figures 1-4 have 
cathodes prepared according to Protocol I and include 
conventional anodes (Prototech) with a catalyst loading of 
0.35 mg Pt/cm2 plus a sputter coat of 500 A Pt. It 
will be understood that conventional anode electrodes were 
used to provide performance comparisons of cathode 
electrodes . 

The anode catalyst loading is not expected to have any 
significant effect on cell performance, Indeed, the fuel 
cells whose performance is shown in Figures 5 and 6 include 
high temperature catalytic layers on both the cathode and 
anode faces of the membrane. both catalytic layers 
incorporated equivalent catalyst loadings, e.g., 0.13 mg 
Pt/cm2, for a total cell loading of, 0.26 mg Pt/cm^ of 

electrode surface. 

Figure 2 graphically depicts the voltage vs. current 
density curves for fuel cells having conventional Prototech 
anodes, Nafion 117 (7 mil thicJc) SPE membrane, and a 
cathode assembly with a catalyst layer produced by mixing 
Pt/C catalyst and Nafion and hot pressed onto the SPE 
membrane. Catalyst loadings of 0.20 and 0.35 mg Pt/cm^ 
are compared using both neat oxygen and air as the 
oxidant. It is readily seen that the thinner catalyst 
layer (0.20 mg Pt/cm^) performs somewhat better than the 
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(0 35 »g ft/cmh «t higher current • 
thicker fll- (0-« ^ ^^^^^^^ ^eneitie., the active 
densities At ^^J^ „„„„ lees of the fxln 

.egion of the cataly y^_^^^^^__ ^^^^^^ 

thlcl=ness » ; and performance decreases. 

05 increase in the i„ air as compared to 

^""iirsTn ea urtnd steeper faU off in 
neat omen densities, 
performance at the hi^er ^^^^^^^ 

PUure 3 instructed as the fuel cells 

10 density curves ^'^^^ J „,^„ne is Memhrane "C 

of Figure 2, except tna chlorine Engineers Inc. 

,a Perfluorosul.o^a« mem^- ^^^^ „^ 

Of japan). <=^"^^\^ „eat oxygen and a. r as 

are consistent with the results 

» hS on" 7 farming the SPE membrane, with lower 

shown With Nation xx ^r^i- at higher current 

potentials from the thicker fxlm at hig 

densities. ^^j,^^ depicted in both 

-e P^-^---" /p Jh those Of fuel cells fabricated 
20 Figures 2 and 3 PP assemblies or of 

„ith conventional Prot ^^^alyst with much higher 

assemblies ^^r^^^^ra^y compares the cell 

Pt loadings "'5"" ' ^ performance of a thin catalyst 
voltage vs. current ^-"^'^ ^ 2 ,i,n a cell having the 
25 with a loading of 0.15 g / ^ ot 

oatalyst inclu ed - a ca*on ^^^^^^^ ^^^^^ 

le s:sta::ral slmilanty in performance is readily 



30 



apparent. ^^,^^4 by a direct 

performance Of fuel ^ .„ 

Tg^rT a:: «gure . depicts the performance of the 
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high-teiaperature, thin film formed on Membrane C 
according to Protocol II, wherein the cell performance on 
oxygen is at least equal to the performance of the separate 
thin film cell shown in Figure 4. Figure 6 depicts the 
performance of the high-temperature, thin film formed on a 
HDow- membrane according to Protocol II, wherein an 
improved cell performance is obtained. The "Dow" membrane 
is a proton conducting membrane available from the Dow 
Chemical Company. It is quite significant that a low Pt 
10 loading of 0.13 mg Pt/cm^ is effective to generate 
current densities of above 3 A/cm^ at a cell voltage 
higher than 0.4V for operation on pressurized oxygen and, 
particularly, that such a low loading is effective to reach 
a cell voltage of 0.65V at 1 A/cm2 f^r cells operated on 
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pressurized air. 

TO further illustrate the significant increase m 
catalyst utilization efficiency afforded by the present 
invention. Figure 7 depicts cell voltage as a function of 
the specific activities of the cathodes (A/mgPt) for fuel 
cells with four different cathode catalyst configurations: 
(1) a thin film catalyst loading of 0.15 mg Pt/cm , as 
taught herein; (2) a high-temperature thin film with a 
catalyst loading of 0.13 mg Pt/cm^ applied directly to 
the membrane as an ink; (3) a commercial Prototech 
electrode with a catalyst loading of 0.35 mg Pt/cm and 
500 A Pt coating; and (4) GE/HS-UTC-type cell with 4 mg 
Pt/cm2 (unsupported) hot pressed into the SPE. It should 
be noted that the GE/HS-UTC-type cell has hardware, 
membrane design, and operating condi'uions that are 
significantly different from the other cells and its 
performance comparison is merely illustrative. The 
differences in the specific activities for each type of 
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V ^ clearly significant, with the thin film 

electrode are clearxy y to the present 

,';,talvst layers according to tne y 

catalyst. present invention 

r ' " Z VZTTi^^^i^ the improved 
Obtains a ^^^^^""^^^^ ,3,^,, with low Ft loadings 

construction of the catalyst lay 

primarily involving ^^^^^^ The 
polymer electrolyte and the Pt cataiys 
„ ^.t area is increased in two ways. First, tn 
10 contact area ^AAit-\v& are cast 
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upported ca-lys^a ^^^^^^ ^^^^^^^ 

together to form ^^.^y eliminated and the 

hydrophobic add t.ve is ^^^^^^^^^^ ^^^^^^^^ 

,ono»er is / accomplished by blending the 

15 layer. The latter 1 ^^^^^^^^^ed carbon into a 
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falls off in proportion to further decrease in catalyst 
loading. Concomitant film thicknesses are in the range of 
1-10 and preferably 2 to 3 It is expected 

that catalyst loadings as low as 0.05 mg Pt/cm may be 
used for an anode catalyst layer without significant loss 
of performance. Improved performance might be obtained 
from a given catalyst layer thickness if a higher Pt 
loading could be included without increasing the thickness 
of the supported catalyst. 

The foregoing description of the preferred embodiments 
of the invention have been presented for purposes of 
illustration and description. It is not intended to be 
exhaustive or to limit the invention to the precise form 
disclosed, and obviously many modifications and variations 
15 are possible in light of the above teaching. The 
embodiments were chosen and described in order to best 
explain the principles of the invention and its practical 
application to thereby enable others skilled in the art to 
best utilize the invention in various embodiments and with 
various modifications as are suited to the particular use 
contemplated. It is intended that the scope of the 
invention be defined by the claims appended hereto. 
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WHAT IS CLAIMED IS: 

V A gas reaction fuel cell having a solid polymer 

elect;olyte for separating anodic and -^-^^^^^^-^^^^^^ 
wherein the improvement comprises a composxte fxlm of a 
supported platinum catalyst and a proton -"^^^^ ™^ 
05 with a thickness less than about 10 saxd catalyst 

being uniformly dispersed therein with a platinum loadxng 
less than about 0.35 mgPt/cm^ where saxd f.lm xs 
disposed between said solid polymer electrolyte and at 
least said cathodic electrode. 

2 A gas reaction fuel cell according to Claim 1, 
Where said platinum loading is greater than 0 1 -^/^^ ' 

3 A gas reaction fuel cell according to Claim l, 
wherein said proton conducting material is the same 
^naterial forming said solid polymer electrolyte. 

4 A gas reaction fuel cell according to Claxm 1, 
Wherein said film of proton conducting ionomer is formed 
from a perf luorosulfonate ionomer by drying at a 
temperature of at least ISO^C a solution containing a 

05 Na-- form of said ionomer and thereafter converting said 

Na+ form to a protonated form. . ^ ^ «^ 

5. A method according to Claim 1, wherein the step of 

transferring said film comprises the steps of: 

forming said film over a release blank to a selected 

catalyst loading; 
05 hot pressing said film into said surface of -""^ -^^^ 

polymer electrolyte to cure said film and adhere sa.d £Um 

to said surface; and 

removing said release blank from said film. 
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6. A method according to Claim 5, wherein the step of 
dispersing said catalyst in said ionomer further includes 
the steps of: 

adding a solvent to said ionomer and said catalyst to 
obtain a mixture with a viscosity effective for forming 

said film; and 

agitating said mixture to disperse said catalyst. 

7. A method for fabricating a gas reaction fuel cell 
having a solid polymer electrolyte for separating anodic 
and cathodic electrodes, comprising the steps of: 

uniformly dispersing a supported Pt catalyst in a 
perf luorosulf onate ionomer; 

forming a thin film of said ionomer with said catalyst; 
transferring said film to a surface of said solid 

polymer electrolyte; and 

urging a porous electrode structure against said film 
to form at least said cathodic electrode. 

8. A method according to Claim 1 , further including 
the step of furnishing said perfluorosulf onate ionomer in a 
Na* form. 

9. A method according to Claim 8, further including 
the step of furnishing said membrane as a 
perf luorosulf onate material in a Na"^ or K"^ form. 

10. A method according to Claim 8, further including 
the step of converting said thin film of said ionomer to a 
protonated form of said ionomer. 

11. A method according to Claim 7, wherein the step of 
transferring said film comprises the steps of: 

forming said film over a release blank to a selected 

catalyst loading; 

hot pressing said film into said surface of said solid 
polymer electrolyte to cure said film and adhere said film 
to said surface; and 

removing said release blank from said film. 
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12. A method according to Claim 11, wherein the step 
of dispersing said catalyst in said ionomer further 

includes the steps of: 

adding a solvent to said ionomer and said catalyst to 
obtain a mixture with a viscosity effective for forming 

said film; and 

agitating said mixture to disperse said catalyst. 

13. A method for fabricating a gas reaction fuel cell 
having a solid polymer electrolyte membrane for separating 
anodic and cathodic electrodes, comprising the steps of: ^ 

furnishing a perf luorosulfonate ionomer in a Na 

05 form; 

uniformly dispersing a supported Pt catalyst and a 
solvent in said Ma+ form of said ionomer to form an ink; 

forming a layer of said ink containing a predetermined 
amount of said catalyst on a surface of said solid polymer 
electrolyte membrane; 

heating said layer of said ink to a temperature of at 
least 150°C for a time effective to dry said ink; and 

converting said Na+ form of said perf luorosulfonate 
ionomer to a protonated form. 

14. A method according to Claim 13, wherein the step 
of furnishing said perf luorosulfonate ionomer in a Na+ 
form includes the step of adding NaOH to a protonated form 
of said perfluorosulfonate ionomer. 

15. A method according to Claim 14, further including 
the step of furnishing said solid polymer electrolyte 
membrane in a Na"^ or K"^ form. 

16. A method according to Claim 13. further including 
the step of maintaining said membrane planar on a vacuum 
table while forming said layer of said ink on said 
membrane. 
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